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Modelling of joint properties of lower limbs in people with spinal cord injury is 
significantly challenging for researchers due to the complexity of the system. The 
objective of this study is to develop a knee joint model capable of relating electrical 
parameters to dynamic joint torque as well as knee angle for functional electrical 
stimulation application. The joint model consists of a segmental dynamic, time-invariant 
passive properties and uncertain time-variant active properties. The knee joint model 
structure comprising optimised equations of motion and fuzzy models to represent the 
passive viscoelasticity and active muscle properties is formulated. The model thus 
fomiulated is optimised using genetic optimization, and validated against experimental 
data. The developed model can be used for simulation of joint movements as well as for 
control development. The results show that the model developed gives an accurate 
dynamic characterisation of the knee joint. 
Keywords: knee joint model; viscoelasticity; functional electrical stimulation; fuzzy model; genetic 
algorithm 
1. Introduction 
Functional electrical stimulation (FES) is a promising way to restore mobility to 
individuals paralyzed due to spinal cord injury (SCI). Musculoskeletal modelling 
provides researchers with great potential for studying the biomechanics of movement 
through simulation, which would otherwise require resorting to invasive methods 
(Huq, 2009). Modelling, and hence simulation study can greatly facilitate to test and 
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parameters vary for each subject. Finally, such a model can be utilized as a platform 
for simulation of the system and development of control approaches. 
5. Conclusion 
A new approach of modelling the knee joint of an SCI patient has been presented. 
While the estimated models exhibited good prediction capabilities, it is comparatively 
less burdened with complex mathematics. The study has identified some of the 
potential benefits of using fuzzy logic and GA. In comparison with conventional 
quantitative techniques, fuzzy logic is simpler to implement as it eliminates the 
complicated mathematical modelling process and uses a set of fuzzy rules instead. A 
generic methodology has been presented that can be adopted for accurate modelling 
of knee joints of specific individuals with SCI. Identifying a generic and robust part 
of this model along with minimal set of subject-specific parameters could potentially 
comprise future work on the current modelling techniques. Future work may also 
include using this model as part of a larger musculoskeletal model of the lower limb 
for computer simulation studies. 
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